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Abstract  
Nanocarbon-derived supercapacitors have been focused owing to high surface area, 
chemical stability, electrical conductivity, and thermal constancy. The nanocarbon materials 
have been amalgamated with conducting polymers to form supercapacitor electrodes. The 
nanocarbon fillers may act as pseudocapacitive material to dramatically enhance the 
electrode performance especially the specific capacitance and energy density. Development 
of new nanocomposite nanostructures mayovercome the performance challenges posed by 
low energy density of supercapacitors.Future research progress for nanocarbon-derived 
supercapacitors depends on understanding the mechanism, design innovation, fabrication, 
and achievement of high performance materials. 
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1. Introduction 
 The electrochemical energy devices have gained importance such as supercapacitors, fuel cells, 
batteries, and other energy materials. Polymeric materials have been successfully used in energy 
storage materials [1-7].Polymeric composites and nanocomposites have also been employed in 
energy devices [8-15]. There is increasing need for sustainable energy sources in energy conversion 
and storage. In this regard, several polymer-based systems can be consumed for device components 
[16-20]. Incidentally, thermoplastic, thermosetting, and conducting polymers have been used [21-25]. 
The electrochemical supercapacitors with high power density, capacitance, and long lifecycle have 
been researched. Polyaniline is a promising candidate for electrodes in electrochemical 
supercapacitors. It has facile synthesis, low cost, high specific capacitance, and good environmental 
stability. Carbon nanotube own high surface area and electrical conductivity for device application. 
Correspondingly, polymeric nanocomposites with nanocarbons have been designed for various 
applications [26-30]. The supercapacitors without chemical reactions and fast charge-discharge are 
preferred for advance uses. This article basically focusses supercapacitors with polymers and 
polymeric nanocomposites.  
2.  Polymer in supercapacitor 
Supercapacitor contains three indispensable components including electrode, electrolyte, and 
separator (Fig. 1). The electrode is used to find capacitance, energy density, and power density of 
supercapacitor. The electrode material has high surface area. The specific capacitance (C) can be 
measured as (Eq. 1):  
 
        C=Q/V                                   Eq. 1 
 
Where Q = charge stored on electrode and V = operating voltage. 
 
 
Fig. 1 Basic components of an electrochemical supercapacitor. 
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 Research on supercapacitors has focused rapid charge-discharge, high power density, and long 
service life. The electrical layer usually surrounds the electrode surface. The energy is stored due to 
oppositely charged species at the electrode-electrolyte interface. Among all polymers, conducting 
polymers have been efficiently employed in supercapacitors [31-35]. These polymers have high 
capacitance and electrical conductivity. Sometimes, conducting polymers are doped with metallic 
species to gain large surface area and high redox storage capability. The common conducting 
polymers comprise polyaniline (PANI), polypyrrole (PPy), polythiophene, and 
poly-(3,4-ethylenedioxythiophene) (PEDOT) [36-40]. The PANI, PPy, and PEDOT have formed 
electrodes and their conjugated backbone provides conductive path ways for electrons. Polyaniline 
has been most commonly studied for supercapacitor applications. There is need of research on 
polymers for supercapacitors due to ease of synthesis, processability, and low cost [41-45]. 
3.  Polymer/carbon nanotube in supercapacitor 
Conducting polymers may exist in various redox forms having varying oxidation states. The 
chemical and electrical properties of conducting polymers are also well-suited to supercapacitor 
electrode material. Consequently, polymer-based materials have been tested in 
supercapacitorelectrodes (Table 1) [46-50].  
 
Table 1 Supercapacitor types and electrode material used. 
 
Supercapacitor type Electrode material 
Pseudocapacitor Conducting polymer, metal oxide 
Composite capacitor Carbon material, conducting polymer, metal oxide 
Battery type capacitor Carbon material, conducting polymer, metal oxide 
Electric double layer capacitor Carbon fiber, carbon nanotube, activated carbon 
 
 
The supercapacitorshave utilized carbon nanotube electrode. The specific capacitance of carbon 
nanotube is low ~45 Fg−1. These electrodes have been efficaciously considered for supercapacitor 
application. Various methods have been used to form nanocomposite-based supercapacitor electrodes 
(Table 2). The electrophoretic deposition (EPD) is the most important one (Fig. 2). In this method, 
voltage is applied between two electrodes and charges are moved through electrolyte.However, the 
incorporation of nanocarbon in conducting polymers have considerably enhanced the capacitance.  
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  Table 2 Features of supercapacitor electrodes. 
Fabrication technique Material Benefits 
Chemical vapor deposition Carbon nanotube Good yield, uniformity 
Sol gel Carbon aerogel Low cost 
Electrochemical deposition Metal oxide, conducting polymer Mass production, low cost, uniformity. 
Precipitation Hybrids, metal oxide Low cost, facile 
 
 
 
Fig. 2 Electrophoretic deposition method. 
 
The performance of polymer/nanocarbon nanomaterials depends on parameters such as conductivity, 
porosity, morphology, and stability. The microstructure of polyaniline and nanocarbon 
nanocomposites affects the performance of supercapacitor electrodes. The nanocomposite electrodes 
with high specific surface area ≥500 m 2/g were found to develop mesopores. Such nanomaterials 
may have high specific capacitance of 1000 F/g over 5,000 cycles.The nanocomposite electrodes also 
have high electrochemical reversibility and charge transfer. Similarly, other thermoplastic and 
conducting polymers have been filled with nanocarbon to form electrodes with high surface area and 
uniform morphology [51-55].In polymer and nanocarbon-based nanocomposite electrodes, fine 
nanofillerdispersibility and interaction with polymers may facilitating the supercapacitor 
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 performance [56-60]. 
4.  Conclusion 
The nanocomposites have been used as electrode materials for supercapacitors. The nanocomposite 
electrodes have been studied using numerous methods. The electrode performance has been studied 
in various ways. Nanocomposites were found to have specific capacitance values of a 
pseudocapacitive material. When nanocarbon is used as primary electrode material, maximum 
specific capacitance and energy density have been obtained.  
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